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(54) MYOCARDIAL ELECTRODE

(57)  Twothrough holes are formed in a first electrode
part 10 to penetrate the first electrode part 10 in the ex-
tending direction of a substrate 30. The same two through
holes are also formed in a second electrode part 20. A
first lead 40 is inserted in and connected to one of the
through holes of the first electrode part 10. A second lead
50 is inserted in the other through hole of the first elec-
trode part 10 while it is insulated from the first electrode
part 10 and engaged with an opening edge of the other
through hole. An end of the second lead 50 is inserted
in and connected to one of the through holes of the sec-
ond electrode part 20. An interval between the first elec-
trode part 10 and the second electrode part 20 is deter-
mined by the second lead 50.
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Description
TECHNICAL FIELD

[0001] In a cardiac surgery involving thoracotomy,
such as a coronary artery bypass surgery, arrhythmia
caused by ventricular and atrial fibrillation is likely to oc-
cur. Therefore, electrical stimulation is given to cardiac
muscle for defibrillation. In such a case, for example, a
myocardial electrode disclosed by Patent Literature 1
may be used. The myocardial electrode of Patent Liter-
ature 1 includes two leads connected to positive and neg-
ative electrodes of an external cardiac pacemaker, two
electrode parts connected to the distal ends of the leads
and a substrate supporting the electrode parts at an in-
terval from each other. The substrate is made of insulat-
ing material such as silicone rubber and embedded por-
tions of the two electrode parts are embedded in the sub-
strate.

[0002] When the cardiac pacemaker is actuated with
the conductive surfaces of the electrode parts exposed
on the substrate in contact with the surface of the heart,
currentfrom the cardiac pacemaker flows into the cardiac
muscle through the leads and the electrode parts. As a
result, electrical stimulation is given to the cardiac muscle
and the defibrillation is carried out.

[0003] The myocardial electrode is also used to give
the electrical stimulation to the cardiac muscle when car-
diac motion deteriorates during a beating heart surgery
without using a pump-oxygenator such that the rhythm
of the cardiac motion returns to and remains normal. Fur-
ther, the myocardial electrode is also used in an arrested
heart surgery using the pump oxygenerator to restart the
heartbeat by giving the electrical stimulation to the car-
diac muscle.

[0004] For the manufacture of the myocardial elec-
trode, the substrate in which the embedded portions the
two electrode parts are embedded is formed by so-called
insert molding. Specifically, the two electrode parts are
placedin a cavity of a substrate mold and then a substrate
material such as a liquid resin is poured in the cavity and
cured.

[Patent Literature 1] Japanese Unexamined Patent Pub-
lication No. 2004-89384

DISCLOSURE OF THE INVENTION
THE PROBLEM THAT THE INEVNTION IS TO SOLVE

[0005] Inthe manufacture of the substrate in which the
embedded portions of the two electrode parts are em-
bedded in the manner disclosed by Patent Literature 1,
the two electrode parts placed in the cavity of the mold
may be misaligned from the predetermined positions by
the flow of the resin poured into the cavity. If the substrate
material is cured with the electrode parts misaligned from
the desired positions, the interval between the two elec-
trode parts of the myocardial electrode may become too
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small or too large as compared with the predetermined
interval. In such a case, desired electrical stimulation
cannot be given to the heart. Thus, effective defibrillation
cannot be performed and the return to the normal rhythm
and the restart of the heartbeat of the arrested heart be-
come difficult.

[0006] As asolution to this, the two electrode parts are
kept still in the substrate mold to prevent the misalign-
ment from the predetermined positions. In this case, an
additional structure for keeping the electrode parts still
has to be provided in the substrate mold. Therefore, the
configuration of the substrate mold is complicated and
the cost of the mold increases. This leads to an increase
of the cost of the myocardial electrode.

[0007] Under these circumstances, the presentinven-
tion has been achieved. In the manufacture of the sub-
strate in which the embedded portions of the electrode
parts are embedded, an object of the invention is to make
it possible to determine the interval between the elec-
trode parts using the existing leads connecting the car-
diac pacemaker and the electrode parts such that the
predetermined interval is kept between the electrode
parts without complicating the configuration of the sub-
strate mold and the cost of the myocardial electrode is
reduced.

MEANS OF SOLVING THE PROBLEM

[0008] According to the present invention, the object
is achieved by fixing a lead connected to a second elec-
trode part while it is insulated from a first electrode part
and determining the interval between the first and second
electrode parts by the lead.

[0009] Specifically, according to a first aspect of the
invention, a myocardial electrode includes: a first elec-
trode part and a second electrode part; a first lead and
a second lead for connecting the first electrode part and
the second electrode part to a cardiac pacemaker, re-
spectively; and an insulating substrate in which a first
embedded portion of the first electrode part and a second
embedded portion of the second electrode part are em-
bedded, wherein the first electrode part and the second
electrode part are arranged at an interval from each other
while conductive surfaces thereof are exposed on the
substrate and part of the second lead close to the elec-
trode part is connected to the second embedded portion
and fixed to and insulated from the firstembedded portion
and the interval between the first electrode part and sec-
ond electrode partis determined by the part of the second
lead close to the electrode part.

[0010] With this configuration, the second lead is con-
nected to the second embedded portion and integrated
with the second electrode part, while the second lead is
fixed to and insulated from the first embedded portion
and integrated with the first electrode part. The interval
between the first and second electrode parts is deter-
mined by the second lead. Thus, a predetermined interval
is kept between the first and second electrode parts by
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the second lead.

[0011] Inthe manufacture of the substrate, the firstand
second electrode parts and part of the second lead close
to the electrode part are placed in a cavity of a mold for
forming the substrate. Then, a substrate material in a
liquid state is poured into the cavity. At this time, as the
predetermined interval is kept between the first and sec-
ond electrode parts by the second lead, the interval be-
tween the electrode parts does not become too small or
too large even if the flow of the material poured into the
cavity hits the first and second electrode parts.

[0012] According to a second aspect of the invention
related to the first aspect, the conductive surfaces of the
first electrode part and the second electrode part are ex-
posed only on one surface of the substrate.

[0013] With this configuration, the one surface of the
substrate is faced toward the heart such that the conduc-
tive surfaces of the first and second electrode parts are
brought into contact with the heart. The conductive sur-
faces of the electrode parts do not come into contact with
the other body tissue to which the electrical stimulation
is unnecessary. Thus, the current of the cardiac pace-
maker is allowed to flow into the cardiac muscle only and
prevented from flowing into the other body tissue.
[0014] According to a third aspect of the invention re-
lated to the first aspect, the substrate includes an elec-
trode part support in which the first embedded portion
and the second embedded portion are embedded and
an extension part extending from the electrode part sup-
port to be in contact with body tissue.

[0015]  With this configuration, when the conductive
surfaces of the first and second electrode parts are
brought into contact with the heart, the extension part
extended from the electrode part support comes into con-
tact with the heart and the body tissue around the heart.
Therefore, the electrode part support is stabilized and
the conductive surfaces are prevented from coming off
the surface of the heart.

[0016] According to a fourth aspect of the invention
related to the third aspect, a separation guide at which
the extension part is separated from the electrode part
support is provided between the electrode part support
and the extension part of the substrate.

[0017] With this configuration, if the extension part of
the substrate is unnecessary, it can easily be separated
from the electrode part support to downsize the sub-
strate. Therefore, the first and second electrode parts
can be placed in a small area in the thoracic cavity.
[0018] According to a fifth aspect of the invention re-
lated to the fourth aspect, the electrode part support of
the substrate is configured to be insertable into a drain
for discharging body fluid seeped into a thoracic cavity
to the outside.

[0019] With this configuration, when the electrode
parts and the substrate are left in the thoracic cavity dur-
ing a follow-up after a cardiac surgery involving thoracot-
omy and then the myocardial electrode is no longer nec-
essary, the electrode parts and the substrate are taken
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out of the thoracic cavity through the drain.

[0020] According to a sixth aspect of the invention re-
lated to the first aspect, the first embedded portion and
the second embedded portion are formed to extend in
the extending direction of the substrate.

[0021] Withthis configuration, the firstand second em-
bedded portions extend in the extending direction of the
substrate. Therefore, the first and second electrode parts
are supported on the substrate with stability.

[0022] According to a seventh aspect of the invention
related to the first aspect, a through hole is formed in the
first embedded portion to penetrate the first embedded
portion in the extending direction of the substrate and the
part of the second lead close to the electrode part is in-
serted in the through hole and engaged with an opening
edge of the through hole to be fixed to the first embedded
portion.

[0023] With this configuration, the second lead is fixed
to the first embedded portion by passing the second lead
through the first embedded portion.

EFFECT OF THE INVENTION

[0024] According to the first aspect of the invention,
the second lead is connected to the second embedded
portion of the second electrode part and fixed to and in-
sulated from the first embedded portion such that the
interval between the electrode parts is determined by the
second lead. Therefore, the predetermined interval is
kept between the firstand second electrode parts without
complicating the configuration of the mold for forming the
substrate in which the first and second embedded por-
tions are embedded. Thus, the mold of the substrate be-
comes less expensive and the cost is reduced.

[0025] Accordingto the second aspect of the invention,
the conductive surfaces of the first and second electrode
parts are exposed only on one surface of the substrate.
Therefore, only the cardiac muscle is electrically stimu-
lated, while the other body tissue to which the electrical
stimulation is unnecessary is not electrically stimulated.
Thus, the therapy is carried out less invasively.

[0026] According to the third aspect of the invention,
the extension part extending from the electrode part sup-
port is brought into contact with the body tissue to stabi-
lize the electrode part support. Therefore, the conductive
surfaces are prevented from coming off the surface of
the heart and the electrical stimulation is surely given to
the cardiac muscle.

[0027] According to the fourth aspect of the invention,
the separation guide is provided between the electrode
part support and the extension part. This makes it pos-
sible to easily separate the extension part from the elec-
trode part support to downsize the substrate. Therefore,
the electrode parts are easily and quickly placed in a
small area in the thoracic cavity.

[0028] According to the fifth aspect of the invention,
the electrode parts and the substrate left in the thoracic
cavity are taken out of the thoracic cavity through the
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drain for discharging body fluid from the thoracic cavity
without making a thoracoabdominal incision. Therefore,
the therapy is carried out less invasively.

[0029] According to the sixth aspect of the invention,
the first and second embedded portions extend in the
extending direction of the substrate. Therefore, the first
and second electrode parts are supported on the sub-
strate with stability and the electrical stimulation is surely
given to the cardiac muscle.

[0030] According to the seventh aspect of the inven-
tion, the second lead is inserted in the through hole of
the first embedded portion and engaged with the opening
edge of the through hole to be fixed to the first embedded
portion. Thus, the second lead is arranged within the first
embedded portion and the first electrode part and the
second lead are made compact.

BRIEF DESCRIPTION OF DRAWINGS
[0031]

[FIG. 1]

FIGS. 1A to 1C illustrate a myocardial electrode of
the present invention. FIG. 1A is a plan view, FIG.
1B is a side view and FIG. 1C is a view observed in
the direction of an arrow Y.

[FIG. 2]

FIGS. 2A and 2B illustrate a first electrode part. FIG.
2Ais aplanviewand FIG. 2B is a side view observed
from the side on which through holes are opened.

[FIG. 3]
FIG. 3 is a plan view illustrating a first lead and a
second lead.

[FIG. 4]

FIG. 4 is a plan view illustrating the first lead and the
second lead connected to a first electrode part and
a second electrode part, respectively.

[FIG. 5]

FIG. 5is a view illustrating how the myocardial elec-
trode is used in a coronary artery bypass surgery on
a beating heart.

[FIG. 6]

FIG. 6 is a view illustrating how the myocardial elec-
trode is used after the coronary artery bypass sur-
gery.

[FIG. 7]
FIG. 7 is a plan view illustrating the substrate pro-
truding from an end of a first drain.

[FIG. 8]
FIG. 8 is a view corresponding to FIG. 7 illustrating
a first modification of the embodiment.

10

15

20

25

30

35

40

45

50

55

[FIG. 9]
FIG. 9 is a view corresponding to FIG. 1A illustrating
a second modification of the embodiment.

[FIG.10]

FIGS. 10A to 10C are views corresponding to FIGS.
1A to 1C llustrating a third modification of the em-
bodiment.

[FIG. 11]
FIG. 11 is a view corresponding to FIG. 6 illustrating
a third modification of the embodiment.

[FIG. 12]

FIGS. 12A to 12C are views corresponding to FIGS.
1A to 1C illustrating a fourth modification of the em-
bodiment.

[FIG. 13]
FIG.13isaview corresponding to FIG. 1B illustrating
a fifth modification of the embodiment.

EXPLANATION OF REFERENCE NUMERALS
[0032]

1 Myocardial electrode

10  First electrode part

14 Through hole

15  First embedded portion
20 Second electrode part

25  Second embedded portion
30 Substrate

31  Electrode part support

32  Extension part

34  Groove (separation guide)
40 Firstlead

50 Second lead

60  Firstdrain

P Cardiac pacemaker

BEST MODE FOR CARRYING OUT THE INVENTION

[0033] Hereinafter, embodiments of the presentinven-
tion will be described with reference to the drawings. The
following embodiments are given for illustrative purpose
only and do not intend to limit the present invention, ap-
plication range and use thereof.

[0034] FIGS. 1A to 1C show a myocardial electrode 1
of an embodiment of the present invention. The myocar-
dial electrode 1 is used, for example, to give electrical
stimulation to cardiac muscle to stop ventricular and atrial
fibrillation which occurs during or after a coronary artery
bypass surgery. The myocardial electrode 1 is also used
to give electrical stimulation to the cardiac muscle when
cardiac motion deteriorates during a beating heart sur-
gery without using a pump-oxygenator (not shown) such
that the rhythm of the cardiac motion returns to and re-
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mains normal. Further, the myocardial electrode 1 is also
used in an arrested heart surgery using the pump oxy-
generator to restart the heartbeat by giving the electrical
stimulation to the cardiac muscle.

[0035] The myocardial electrode 1 includes afirst elec-
trode part 10, a second electrode part 20, a substrate 30
for supporting the first and second electrode parts 10 and
20 at an interval from each other and first and second
leads 40 and 50 for connecting the first and second elec-
trode parts 10 and 20 to a cardiac pacemaker P (shown
in FIGS. 5 and 6), respectively. The cardiac pacemaker
P to which the myocardial electrode 1 is connected is an
external pacemaker which has widely been used in the
medical field and configured to apply a desired pulse cur-
rent.

[0036] As shown in FIGS. 2A and 2B, the first elec-
trode part 10 includes a plate-like rectangular part 11 and
a plate-like round part 12 protruding from one surface of
the rectangular part 11. The rectangular part 11 and the
round part12 are integrated into one piece. The thickness
of the rectangular part 11 is smaller than that of the sub-
strate 30 as shown in FIGS. 1B and 1C. The rectangular
part 11 and a portion of the round part 12 close to the
rectangular part 11 are embedded in the substrate 30 as
a first embedded portion 15. The rectangular part 11 em-
bedded in the substrate 30 is arranged to extend in the
extending direction of the substrate 30.

[0037] Inthe rectangular part 11, two through holes 13
and 14 extending in the extending direction of the rec-
tangular part 11 are formed at an interval from each other
to have openings on the vertical sides of the rectangular
part 11. The through holes 13 and 14 have the same
shape and their inner diameter is determined such that
parts of the first and second leads 40 and 50 close to the
electrode parts can be inserted therein.

[0038] The external size of the round part 12 is set
smaller than that of the rectangular part 11. The round
part 12 is located substantially on the center of the one
surface of the rectangular part 11. Therefore, when the
first electrode part 10 is viewed in plan, the rectangular
part 11 protrudes from the circumference of the round
part 12. As the rectangular part 11 is formed larger than
the round part 12 and configured to extend in the extend-
ing direction of the substrate 30, the first electrode part
10 is supported on the substrate 30 with stability.
[0039] With the first embedded portion 15 embedded
inthe substrate 30, a portion of the round part 12 opposite
the rectangular part 11 is exposed and protrudes from
only the one surface of the substrate 30. The portion of
the round part 12 protruding from the substrate 30 serves
as a conductive surface 12a. The second electrode part
20 is configured in the same manner as the first electrode
part 10. That is, it includes a rectangular part 21 having
two through holes 23 and 24 and a round part 22 including
a conductive surface 22a. The rectangular part 21 and
a portion of the round part 22 close to the rectangular
part 21 are embedded in the substrate 30 as a second
embedded portion 25.
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[0040] AsshowninFIG. 3, the firstlead 40 is prepared
by covering a conductor formed of a strand of thin steel
wires with a coating 41 such as a resin. A connection
part 42 (shown in FIG. 3 only) for connection to a positive
terminal of the cardiac pacemaker P is provided at an
end of the first lead 40. The other end of the first lead 40
close to the electrode part is embedded in the substrate
30 together with the rectangular part 11 of the first elec-
trode part 10 as shown in FIG. 1. A cylindrical metallic
cover 43 for covering the conductor is fixed onto the end
of the first lead 40 close to the electrode part. The dimen-
sion of the cover 43 in the direction of the center line is
set longer than that of the through holes 13 and 14 of the
first electrode part 10. The end of the first lead 40 close
to the electrode part is inserted in the through hole 13 of
the first electrode part 10 with the cover 43 fixed thereon.
The first electrode part 10 is electrically connected to the
conductor via the cover 43.

[0041] With the end of the first lead 40 inserted in the
through hole 13, the ends of the cover 43 in the direction
of the center line protrude from the openings of the
through hole 13. Part of the cover 43 protruding from the
through hole 13 is crushed such that its width becomes
larger than that of the opening of the through hole 13.
Therefore, the cover 43 is engaged with an opening edge
of the through hole 13. As a result, the end of the first
lead 40 close to the electrode partis prevented from com-
ing off the through hole 13.

[0042] Just like the first lead 40, the second lead 50 is
prepared by covering a conductor with a coating 51 and
aconnection part 52 for connection to a negative terminal
of the cardiac pacemaker P is provided at an end thereof
as shown in FIG. 3. The other end of the second lead 50
close to the electrode part extends longer than the end
of the first lead 40 close to the electrode part and em-
bedded in the substrate 30 together with the rectangular
part21 of the second electrode part 20. A cover 53 similar
to the cover 43 of the first lead 40 is provided at the end
of the second lead 50 close to the electrode part. With
the end of the second lead 50 close to the electrode part
inserted in the through hole 23 of the second electrode
part 20, the cover 53 is engaged with an opening edge
of the through hole 23. Reference numeral 49 in FIG. 1
indicates a lead cover made of a resin.

[0043] Part of the second lead 50 closer to the con-
nection part 52 than to the cover 53 is covered with an
insulating element 54 different from the coating 51. The
outer diameter of the insulating element 54 is larger than
the inner diameter of the through hole 14 of the first elec-
trode part 10. When the part of the second lead 50 cov-
ered with the insulating element 54 is inserted in the
through hole 14, the insulating element 54 is engaged
with the opening edge of the through hole 14 such that
the second lead 50 is fixed to the first electrode part 10.
Specifically, the first and second electrode parts 10 and
20 are integrated into one piece by the second lead 50
and the interval between the first and second electrode
parts 10 and 20 is determined by optionally adjusting the
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positions of the electrode parts 10 and 20 with respect
to the second lead 50. The through hole 24 of the second
electrode part 20 is opened at both ends.

[0044] The substrate 30 is made of an insulating ma-
terial such as silicone rubber and disc-shaped as shown
in FIGS. 1A to 1C. The substrate 30 includes a narrow
electrode part support 31 extending along the diameter
of the substrate 30 to pass the center of the substrate 30
and two extension parts 32 extending outward from the
lengthwise sides of the electrode part support 31, respec-
tively. The first embedded portion 15 and the second em-
bedded portion 25 are embedded in the electrode part
support 31 ataninterval from each other in the lengthwise
direction of the electrode part support 31. A groove 34 is
provided between the electrode part support 31 and each
of the extension parts 32. The groove 34 has a substan-
tially V-shaped cross section which is opened on one
side of the substrate 30 as shown in FIG. 1C and func-
tions as a separation guide at which the extension parts
32 are separated from the electrode part support 31.
[0045] Now, the manufacture of the thus-configured
myocardial electrode 1 will be described. First, part of
the first lead 40 close to the electrode part is inserted in
the through hole 13 of the first electrode part 10 and fixed
to the first electrode part 10. Part of the second lead 50
close to the electrode part is inserted in the through hole
14 of the first electrode part 10 and part of the second
lead 50 covered with the insulating element 54 is placed
in the through hole 14 and engaged with the opening
edge of the through hole 14. As a result, the second lead
50 is fixed to and insulated from the first embedded por-
tion 15. Then, part of the second lead 40 close to the
electrode part is inserted in the through hole 23 of the
second electrode part 20 to be fixed to the second elec-
trode part 20. The interval between the first and second
electrode parts 10 and 20 is determined such that desired
electrical stimulation is given to the cardiac muscle.
[0046] Then, the first and second electrode parts 10
and 20 are placed in a cavity of a mold (not shown) for
forming the substrate 30 together with the parts of the
first and second leads 40 and 50 close to the electrode
part. After the mold is closed, a material of the substrate
30 in a liquid state is poured into the cavity. Then, the
flow of the material hits the first and second electrode
parts 10 and 20. As the predetermined interval is kept
between the first and second electrode parts 10 and 20
by the second lead 50, the interval between the first and
second electrode parts 10 and 20 is prevented from be-
coming too small or too large. After the material in the
cavity is cured, the mold is opened and the substrate 30
is released from the mold. Thus, the myocardial electrode
1 including the substrate 30 in which the embedded por-
tions 15 and 25 of the first and second electrode parts
10 and 20 are embedded is provided by insert molding.
[0047] Use of the myocardial electrode 1 in a coronary
artery bypass surgery on a beating heart will be described
with reference to FIG. 5. Reference numeral 59 in FIG.
5 indicates a rib spreader for keeping an incision in the
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thorax open. First, as the substrate 30 is placed on a
heart A with one surface facing the heart A, the conduc-
tive surfaces 12a and 22a come into contact with the
heart A. Atthe same time, the extension parts 32 extend-
ing from the electrode part support 31 of the substrate
30 are also in contact with the heart A. Therefore, the
electrode part support 31 remains stable while the heart
is beating and the conductive surfaces 12a and 22a are
prevented from coming off the heart A.

[0048] Whenthe cardiac pacemakerP isactuated, cur-
rent from the cardiac pacemaker P flows into the first and
second electrode parts 10 and 20 through the first and
second leads 40 and 50, respectively, and electrical stim-
ulation is given to the cardiac muscle by the first and
second electrode parts 10 and 20. Since the predeter-
mined interval is kept between the first and second elec-
trode parts 10 and 20 as described above, desired elec-
trical stimulation is given to the cardiac muscle and de-
fibrillation is effectively performed.

[0049] Further, as the conductive surfaces 12a and
22a of the first and second electrode parts 10 and 20 are
exposed only on the one surface of the substrate 30, the
conductive surfaces 12a and 22a are broughtinto contact
with only a required part of the heart A and do not come
in contact with other body tissue to which the electrical
stimulation is unnecessary. Thus, the current of the car-
diac pacemaker P is allowed to flow into the cardiac mus-
cle only and prevented from flowing into the other body
tissue.

[0050] The first and second electrode parts 10 and 20
are easily placed in a small area in a thoracic cavity B
by downsizing the substrate 30 by separating the exten-
sion parts 32 from the electrode part support 31. In this
case, both or one of the two extension parts 32 may be
separated from the electrode part support 31.

[0051] Next, use of the myocardial electrode 1 after
the coronary artery bypass surgery will be described with
reference to FIGS. 6 and 7. After the coronary artery
bypass surgery, body fluid seeped into the thoracic cavity
B is discharged out of the thoracic cavity B using a first
drain 60 and a second drain 61. The drains 60 and 61
are circular tubes made of a resin. The width of the elec-
trode part support 31 of the substrate 30 is set smaller
than the inner diameter of the drains 60 and 61 such that
the electrode part support 31 can be inserted in the drains
60 and 61.

[0052] The first drain 60 is arranged such that an end
thereof is inserted between the heart A and a diaphragm
C and the other end protrudes out of the thoracic cavity
B. The second drain 61 is arranged such that an end
thereof is inserted in part of the thoracic cavity B above
the heart A and the other end protrudes out of the thoracic
cavity B.

[0053] In this case, as shown in FIG. 7, both of the
extension parts 32 of the substrate 30 are separated from
the electrode part support 31 and the remaining substrate
30 is inserted in the first drain 60 such that it protrudes
from an end of the first drain 60. After the surgery, the
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first drain 60 and the substrate 30 is inserted between
the heart A and the diaphragm C while the other end of
the first drain 60 protrudes out of the thoracic cavity B
through an incision S1. At the same time, the substrate
30 is sandwiched and fixed between the heart A and the
diaphragm C with the conductive surfaces 12a and 22a
facing the heart A. Thus, the conductive surfaces 12a
and 22a are brought into contact with the heart A. The
second drain 61 is also inserted in the thoracic cavity B
at one end while it protrudes out of the thoracic cavity B
through an incision S2 at the other end. Reservoir bags
(not shown) for keeping the body fluid discharged from
the thoracic cavity B are attached to the other ends of
the first and second drains 60 and 61, respectively.
[0054] Whenthe cardiac pacemaker P is actuated, cur-
rent from the cardiac pacemaker P flows into the cardiac
muscle. As the predetermined interval is kept between
the first and second electrode parts 10 and 20, the defi-
brillation is effectively performed. Further, since the con-
ductive surfaces 12a and 22a are exposed only on the
one surface of the substrate 30, the electrical stimulation
is not given to the diaphragm C.

[0055] When the condition of the patient becomes sta-
ble after the surgery, the first and second electrode parts
10 and 20 and the substrate 30 are taken out of the tho-
racic cavity B. For taking them out, the first and second
leads 40 and 50 are pulled at the connection parts 42
and 52. Then, the substrate 30 is drawn into the first drain
60 from the first electrode part 10. As the first and second
leads 40 are 50 pulled more, the first and second elec-
trode parts 10 and 20 and the substrate 30 pass through
the first drain 60 and are taken out of the thoracic cavity
B. Thus, there is no need of making a thoracoabdominal
incision to take out the first and second electrode parts
10 and 20 and the substrate 30.

[0056] As described above, the myocardial electrode
1 of the present embodiment is configured such that the
second lead 50 connected to the second electrode part
20 is fixed to the first electrode part 10 and the interval
between the first and second electrode parts 10 and 20
is determined by the second lead 50. Therefore, in the
manufacture of the substrate 30 in which the first and
second embedded portions 15 and 25 are embedded,
the predetermined interval is kept between the first and
second electrode parts 10 and 20 without complicating
the configuration of the mold. Thus, the mold of the sub-
strate 30 becomes less expensive and the cost is re-
duced.

[0057] Since the conductive surfaces 12a and 22a of
the first and second electrode parts 10 and 20 are ex-
posed only on the one surface of the substrate 30, only
the cardiac muscle is electrically stimulated, while the
other body tissue to which the electrical stimulation is
unnecessary is not electrically stimulated. Thus, the ther-
apy is carried out less invasively.

[0058] The substrate 30 is provided with the electrode
part support 31 and the extension parts 32 extending
from the electrode part support 31 to be in contact with
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the body tissue. Therefore, when the conductive surfaces
12a and 22a of the first and second electrode parts 10
and 20 are brought into contact with the heart A, the
extension parts 32 come into contact with the heart A
and the body tissue around the heart A to stabilize the
electrode part support 31. Accordingly, the conductive
surfaces 12a and 22a are prevented from coming off the
surface of the heart A and the electrical stimulation is
surely given to the cardiac muscle.

[0059] With the provision of the grooves 34 between
the electrode part support 31 and the extension parts 32
of the substrate 30, the extension parts 32 are easily
separated from the electrode part support 31 to downsize
the substrate 30. Therefore, the first and second elec-
trode parts 10 and 20 can be inserted easily and quickly
in a small area in the thoracic cavity B.

[0060] The electrode part support 31 of the substrate
30 is configured to be insertable in the first drain 60.
Therefore, when the first and second electrode parts 10
and 20 are left in the thoracic cavity B during a follow-up
after the surgery and then the electrical stimulation is no
longer necessary, the first and second electrode parts
10 and 20 and the substrate 30 are taken out without
making a thoracoabdominal incision. Thus, the therapy
is carried out less-invasively.

[0061] The rectangular parts 11 and 21 are formed to
extend in the extending direction of the substrate 30.
Therefore, the first and second electrode parts 10 and
20 are supported on the substrate 30 with stability.
[0062] The rectangular part 11 is provided with the
through hole 14 penetrating the rectangular part 11 in
the extending direction of the substrate 30 and part of
the second lead 50 close to the electrode part is inserted
in the through hole 14 and engaged with the opening
edge of the through hole 14 to be fixed the first electrode
part 10. Therefore, the second lead 50 is arranged within
the rectangular part 11. Thus, the first electrode part 10
and the second lead 50 are made compact.

[0063] With use of a myocardial electrode of a needle
type or an alligator clip type which has conventionally
used in a cardiac surgery, the cardiac muscle may be
scratched and damaged. In contrast, the myocardial
electrode 1 of the present embodiment is used by merely
applying the first and second electrode parts 10 and 20
onto the cardiac muscle. Therefore, the electrical stimu-
lation is applied less invasively without causing any dam-
age to the cardiac muscle.

[0064] According to a first modification of the embod-
iment shown in FIG. 8, an edge of the electrode part
support 31 close to the first electrode part 10 may be
provided with a guiding part 70 for guiding the substrate
30 into the first drain 60 when the substrate 30 is drawn
into the first drain 60. The guiding part 70 is configured
to protrude from the electrode part support 31 toward the
connection parts 42 and 52 of the leads 40 and 50 and
tapered toward the connection parts 42 and 52 of the
leads 40 and 50 with respect to the center line of the
leads 40 and 50. With this configuration, when the sub-
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strate 30 left in the thoracic cavity B is taken out through
the first drain 60, the guiding part 70 slides along the
opening edge of the first drain 60 such that the substrate
30 is smoothly drawn into the first drain 60.

[0065] According to a second modification of the em-
bodiment shown in FIG. 9, a hole 71 may be provided in
the vicinity of the edge of the electrode part support 31
to penetrate the electrode part support 31 inthe thickness
direction. With this configuration, the electrode part sup-
port 31 placed between the heart A and the diaphragm
C is fixed to that position by sewing the electrode part
support 31 onto the surface tissue of the heart A with a
thread run through the hole 71. Thus, the electrode part
support 31 is kept at the predetermined position.
[0066] According to a third modification of the embod-
iment shown in FIGS. 10A to 10C and 11, a balloon 80
for pressing the electrode part support 31 against the
surface of the heart A may be provided on the surface
of the electrode part support 31 opposite the conductive
surfaces 12a and 22a. The balloon 80 is circular and
larger than the substrate 30 and adhered to the electrode
part support 31 with an adhesive, for example. An end
of an air line 81 is connected to the balloon 80 to com-
municate with the inner space of the balloon 80. The air
line 81 is made of a flexible resin and has a diameter
smaller than the inner diameter of the first drain 60. The
other end of the air line 81 is connected to an air injector
82. The injector 82 may be a syringe, for example.
[0067] According to the third modification, the balloon
80 in a deflated state (indicated by a broken line in FIG.
10B). As shown in FIG. 11, the electrode part support 31
are placed between the heart A and the diaphragm C
and then the balloon 80 is inflated by injecting air into the
balloon 80 with the injector 82. As a result, the electrode
part support 31 is brought into close contact with the heart
A. Though not shown, after the balloon 80 is inflated, the
air flow may be blocked by pinching the middle part of
the air line 81 with a clip or closing a switching valve
provided in the middle of the air line 81. For taking the
electrode part support 31 out of the thoracic cavity B, the
balloon 80 is deflated to shrink the balloon 80.

[0068] According to a fourth modification of the em-
bodiment shown in FIGS. 12A to 12C, the electrode part
support 31 may be provided with three balloons 80. In
this modification, the inner spaces of the three balloons
80 are communicated with each other and the air line 81
is connected to one of the balloons 80. With the provision
of the three balloons 80, the electrode part support 31 is
brought into close contact with the heart A with stability.
Thus, the electrical stimulation is surely given to the car-
diac muscle.

[0069] According to a fifth modification of the embod-
iment shown in FIG. 13, a thin circular sheet 90 made of
silicone rubber may be used in place of the balloon 80.
The periphery of the circular sheet 90 is adhered to the
periphery of the substrate 30 with an adhesive and air is
introduced between the sheet 90 and the substrate 30
to inflate the sheet 90. Reference numeral 91 indicates
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an air line similar to that used in the fourth modification
and is connected to an injector.

[0070] The electrode part support 31 may be placed
not only between the heart A and the diaphragm C but
also between the heart A and the body tissue around the
heart A such as a thoracic wall. Also in this case, the
balloon 80 or the sheet 90 may be provided and inflated
to keep the electrode part support 31 in close contact
with the heart A.

[0071] The shapes of the first electrode part 10, the
second electrode part 20 and the substrate 30 are not
limited to those described above and may optionally be
varied. Further, the material of the substrate 30 is not
limited to silicone rubber and other kinds of rubbers and
resins may be used.

[0072] The myocardial electrode 1 can be used also
in other surgeries than the cardiac surgery, such as a
surgery which requires thoracotomy and may cause fi-
brillation.

[0073] The separation guide provided between the
electrode part support 31 and the extension parts 32 of
the substrate 30 may be realized by other means than
the grooves 34, such as a plurality of through holes or
hollow parts.

INDUSTRIAL APPLICABILITY

[0074] As described above, for example, the myocar-
dial electrode of the presentinvention is used for stopping
ventricular and atrial fibrillation which occurs during a cor-
onary artery bypass surgery.

Claims
1. A myocardial electrode comprising:

a first electrode part and a second electrode
part;

afirstlead and a second lead for connecting the
firstelectrode part and the second electrode part
to a cardiac pacemaker, respectively; and
aninsulating substrate in which a firstembedded
portion of the first electrode part and a second
embedded portion of the second electrode part
are embedded, wherein

the first electrode part and the second electrode
part are arranged at an interval from each other
while conductive surfaces thereof are exposed
on the substrate and

part of the second lead close to the electrode
part is connected to the second embedded por-
tion and fixed to and insulated from the first em-
bedded portion and the interval between the first
electrode part and second electrode part is de-
termined by the part of the second lead close to
the electrode part.
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The myocardial electrode of Claim 1, wherein

the conductive surfaces of the first electrode part and
the second electrode part are exposed only on one
surface of the substrate.

The myocardial electrode of Claim 1, wherein

the substrate includes an electrode part support in
which the firstembedded portion and the second em-
bedded portion are embedded and an extension part
extending from the electrode part support to be in
contact with body tissue.

The myocardial electrode of Claim 3, wherein

a separation guide at which the extension partis sep-
arated from the electrode part support is provided
between the electrode part support and the exten-
sion part of the substrate.

The myocardial electrode of Claim 4, wherein

the electrode part support of the substrate is config-
ured to be insertable into adrain for discharging body
fluid seeped into a thoracic cavity to the outside.

The myocardial electrode of Claim 1, wherein

the first embedded portion and the second embed-
ded portion are formed to extend in the extending
direction of the substrate.

The myocardial electrode of Claim 1, wherein
athrough hole is formed in the first embedded portion
to penetrate the first embedded portion in the ex-
tending direction of the substrate and

the part of the second lead close to the electrode
partis inserted in the through hole and engaged with
an opening edge of the through hole to be fixed to
the first embedded portion.

10

15

20

25

30

35

40

45

50

55

16



EP 1 944 056 A1

FIG.1

22a 31
30 22 )25
(c) 344 g 0 ]34
[\ J \% ,,,‘J 1; C
( PRI
32 24 { 553 32
21

10



EP 1 944 056 A1

FIG. 2
(a)

10
g
12/Q 11
/

12a

(b) 123 10
12%!

\
1311 14

FIG.3

43 i
53 l

42

52



EP 1 944 056 A1

{ [ ¢ 4
OLOE==
A | "
” 22 914 /12a o 51

FIG. 5

—— O

Pacemaker

12



EP 1 944 056 A1

FIG.6 40, 50

Pacemaker

FIG.7
] 60
321 2;a2/03 12a 10 » 40 )
N
30“( C:)J ¢J 8 | ————
— 51 \
29 12 50
FIG.8
1
60
31 99420 { 19410 70 40

13



EP 1 944 056 A1

14



EP 1 944 056 A1

FIG. 10
(a)

(b)

53 2120 25 54 25

1011

(c) 2a 4
30 3)4 25_& )3[ 4
\ N '_'_i_=#=__:_—r-_.‘;_:‘_.-__.4‘;_:| V- l |
( /r" ,': ’-{\ \“ )
80 32 24 2:0 53 39
21

15



FIG. 11

EP 1 944 056 A1

16

Pacemaker

Injector

2
82




EP 1944 056 A1

FIG.12

(b)
50
49 51
.
[T
) 30 8l
(c) 22a 44
30 22 )25
24 34
3 )&

PRy T e h

IZ A ) |
',' "Il l\‘: ‘I 32

. 20 9 {90 53 80
21 80

17




EP 1 944 056 A1

FIG.13

18



EP 1 944 056 A1

INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2006/318946

A. CLASSIFICATION OF SUBJECT MATTER
A6IN1/05(2006.01)1i, A6IN1/39(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61N1/05, A61N1/39

Minimum documentation searched (classification system followed by classification symbols)

1922-1996
1971-2006

Jitsuyo Shinan Koho
Kokail Jitsuyo Shinan Koho

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Kcho

1996-2006
1994-2006

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X JP 3649733 B2
Y 18 May, 2005 (18.05.05),
Full text; all drawings
& US 5527358 A

Y JP 2000-502922 A
14 March, 2000
Full text; all
& US 5720099 A

(14.03.00),
drawings

Y US 4233987 A
18 November, 1980
Full text; all drawings
(Family: none)

(Medtoronic Inc.),

& WO 1995/19803 Al

& WO 1997/028668 Al

1,3,6,7
2,4,5

(Cochlear Ltd.), 2

(Alfred Feingold), 4
(18.11.80),

Further documents are listed in the continuation of Box C.

D See patent family annex.

*

“A”

Special categories of cited documents:

document defining the general state of the art which is not considered to

be of particular relevance

“E”  earlier application or patent but published on or after the international filing
date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than the
priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive

step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search
10 October, 2006 (10.10.06)

Date of mailing of the international search report
17 October, 2006 (17.10.06)

Name and mailing address of the ISA/
Japanese Patent Office

Hacsimile No.

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (April 2005)

19




EP 1 944 056 A1

INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2006/318946

C (Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

JP 2004-89384 A (JMS Co., Ltd.),
25 March, 2004 (25.03.04),

Full text; all drawings

(Family: none)

5

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

20




EP 1 944 056 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* JP 2004089384 A [0004]

21



	bibliography
	description
	claims
	drawings
	search report

